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(54) [Title of the Invention] Organic Electroluminescent Device 

(57) [ABSTRACT] (Amended) 

[Object] To manufacture, at low cost at a high yield, an organic electroluminescent device that has a 
great display capability 

[Solution] An organic electroluminescent device characterized by providing opposed substrates: an 
insulating substrate with an active matrix circuit and an organic electroluminescent cell formed; and a 
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transparent supporting substrate with a luminescence conversion layer provided 
[Scope of Claims] 

[Claim 1] An organic electroluminescent device in which an organic electroluminescent cell 
comprising at least an organic light-emitting layer sandwiched between an anode and a cathode is 
provided on an insulating substrate, and an active matrix circuit for driving the organic 
electroluminescent cell is provided on the insulating substrate, characterized in that a transparent 
support is provided to be opposed to the insulating substrate, and an electroluminescence 
conversion layer for converting luminescence from the organic electroluminescent cell is provided 
on the transparent support. 

[Claim 2] The organic electroluminescent device according to Claim 1 , characterized in that 
the anode is provided on the insulating substrate side of the organic electroluminescent cell, the 
cathode is provided on the transparent support side of the organic electroluminescent cell, and the 
cathode has a transmittance of 60% or more in a visible region of 400 to 800 run. 
[Claim 3] The organic electroluminescent device according to Claim 2, characterized in that 

the cathode is a stack of a layer comprising a material that has a low work function of 4,0 cV or less 
and of a transparent conductive layer, and the low work function material layer has contact with the 
organic light-emitting layer, 

[Claim 4] The organic electroluminescent device according to Claim 3, characterized in that 

the low work function material layer has a film thickness in the range of 1 to 1 00 nm. 
[Claim 5] The organic electroluminescent device according to any one of Claims 3 and 4, 
characterized in that the low work function material layer is selected from magnesium alloys and 
aluminum alloys. 

[Claim 6] The organic electroluminescent device according to Claim 2, characterized in that 

the cathode is a stack of an interface layer in contact with the organic light-emitting layer and of a 
transparent conductive layer, and the interface layer comprises a fluoride or an oxide of an alkali 
metal or an alkaline-earth metal, and has a film thickness in the range of 0.2 to 10 nm. 
[Claim 7] The organic electroluminescent device according to any one of Claims 3 to 6, 
characterized in that the transparent conductive layer is selected from oxides of indium and/or tin, 
and zinc oxides* 

[Claim 8] The organic electroluminescent device according to any one of Claims 2 to 7, 
characterized in that the anode comprises a metal that has a work function of 4.6 eV or more. 
[Claim 9] The organic electroluminescent device according to any one of Claims 2 to 8, 
characterized in that the anode is a stack of a high work function metal layer that has a work 
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function of 4.6 eV or more and of a low resistance layer that has a resistivity of 10* 5 Ocm or less, 

and the high work function metal layer has contact with the organic light-emitting layer. 

[Claim 10] The organic electroluminescent device according to Claim 1, characterized in that 

the cathode is provided on the insulating substrate side of the organic electroluminescent cell, the 

anode is provided on the transparent support side of the organic electroluminescent cell, and the 

anode has a transmittance of 60% or more in a visible region of 400 to 800 nm. 

[Claim 11] The organic electroluminescent device according to Claim 10, characterized in 

that the anode is selected from oxides of indium and/or tin, and zinc oxides. 

[Claim 12] The organic electroluminescent device according to any one of Claims 10 and 11, 

characterized in that the cathode is a stack of a low work function material layer that has a work 

function of 4.0 eV or less and of a low resistance layer that has a resistivity of 3 0" 5 Qcm or less, and 

the low work function material layer has contact with the organic light-emitting layer. 

[Claim 13] The organic electroluminescent device according to Claim 12, characterized in 

that the low work function material layer has a film thickness in the range of 2 to 1 00 nnx 

[Claim 14] The organic electroluminescent device according to any one of Claims 12 and 13, 

characterized in that the low work function material is selected from magnesium alloys and 

aluminum alloys. 

[Claim 15] The organic electroluminescent device according to Claim 10, characterized in 
that the cathode is a stack of an interface layer in contact with the organic light-emitting layer and 
of a transparent conductive layer, and the interface layer comprises a fluoride or an oxide of an 
alkali metal or an alkaline-earth metal, and has a film thickness in the range of 0.2 to 1 0 run, 
[Claim 16] The organic electroluminescent device according to any one of Claims 1 to 15, 
characterized in that the insulating substrate is a glass substrate. 

[Claim 17] The organic electroluminescent device according to any one of Claims 1 to 15, 
characterized in that the insulating substrate is a silicon substrate. 

[Claim 18] The organic electroluminescent device according to any one of Claims 1 to 17, 
characterized in that the active matrix circuit portion is coated with an insulating layer. 
[Claim 19] The organic electroluminescent device according to any one of Claims 1 to 18, 
characterized in that the outer surface of the organic electroluminescent cell is protected with a 
transparent insulating film. 

[Claim 20] The organic electroluminescent device according to Claim 19, characterized in 
that the transparent insulating film comprises an inorganic oxide, an inorganic nitride, or a mixture 
thereof. 
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[Claim 21] The organic electroluminescent device according to any one of Claims 1 9 and 20, 
characterized in that the transparent insulating film comprises a fluorine containing polymer, 
[Claim 22] The organic electroluminescent device according to any one of Claims 1 to 21, 
characterized in that the transparent support is a glass substrate, 

[Claim 23] The organic electroluminescent device according to any one of Claims 1 to 22, 

characterized in that the luminescence conversion layer comprises a color filter. 

[Claim 24] The organic electroluminescent device according to any one of Claims 1 to 22, 

characterized in that the luminescence conversion layer comprises a fluorescent conversion layer. 

[Claim 25] The organic electroluminescent device according to any one of Claims 1 to 24, 

characterized in that the distance between the insulating substrate and the transparent support is in 

the range of 1 to 20 pm. 

[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] The present invention relates to an organic electroluminescent device, and 
more specifically to a thin film device that emits light by applying an electric field to a 
light-emitting layer composed of an organic compound. 
[0002] 

[Prior Art] Conventionally, as a thin-film electroluminescent (EL) element, an EL element that lias 
an inorganic material of a Group II-VI compound semiconductor, such as ZnS, CaS, or SrS, doped 
with Mn or a rare-earth element (Eu, Ce, Tb, Sm, or the like) that serves as a luminescent center is 
common. However, EL elements manufactured from die inorganic materials described above have 
the problems of; 

1 ) alternating driving required (50 to 1000 Hz) 

2) high driving voltage (to 200 V) 

3) difficulty in full color (in particular, problems with the blue colors) 

4) high cost of peripheral driving circuits. 

[0003] However, in these days, EL elements using organic thin films have been developed in order 
to improve the problems described above. In particular, in order to enhance the luminous 
efficiency, the type of electrode is optimized for the purpose of improving the efficiency of carrier 
injection from the electrode, and the development of an organic electroluminescent element 
provided with a hole transporting layer composed of an aromatic diamine and a light-emitting layer 
composed of an aluminum complex with an 8-hydroxyquinoline (Appl. Phys. Lett., vol. 51, p. 913 
(1987)) significantly improves the luminous efficiency, as compared with a conventional EL 
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element using a single crystal such as anthracene, to approach practical characteristics. 
[0004] In addition to electroluminescent elements using the low molecular-weight materials as 
described above, polymer materials such as poly (p-phenylenevinylene) (Nature, vol 347, p. 539 
(1990), etc.), poly [2-methoxy-5-(2-ethylhexoxy-l ) 4-phenylenevinylene)] (Appl. Phys. Lett., vol. 
58, p. 1982 (1991), etc.), and poIy(3-alkylthiophene) (Jpn. J. Appl. Phys, vol. 30, p. L1938 (1991) 
etc.) has been developed as materials for light-emitting layers, and an element in which low 
molecular-weight luminescent and electron-transfer materials are mixed in a polymer such as 
polyvinylcarbazole (Applied Physics, vol. 61, p. 1044 (1992)) has been alsodeveloped. In addition, 
for example, an aluminum complex with an 8-hydroxyquinoline as a host material is also doped 
with a fluorescent dye for laser, such as a coumarin (J. Appl, Phys., vol. 65 8 p. 3610 (1989)). 
[0005] [Problem to be solved by the Invention] In order to use the above-described organic 
electroluminescent elements as display panels, matrix address systems (Japanese Patent Laid-Open 
No. 2-66873; Technical Search Report, Institute of Telecommunications Engineers, OME 89-46, 37 
(1989)) are typically employed. However, as the number of pixels is increasing, decrease in 
luminance with decrease in duty ratio (Technical Search Report, Institute of Telecommunications 
Engineers, OME 88-47, 35 (1988)) and occurrences of crosstalk have been big problems from a 
practical standpoint. Further, as the number of scan lines, light has needed to be emitted at a high 
luminance instantaneously during dynamic driving, which results in increase in driving voltage and 
decrease in power conversion efficiency. 

[0006] In order to solve the problems of the simple matrix driving system, it is considered that the; 
organic electroluminescent elements can be driven by use of active matrix circuits (Japanese Patent 
Laid-Open No. 6-325869; Japanese Patent Laid-Open No. 7-122360; Japanese Patent Laid-Open 
No. 7-122361; Japanese Patent Laid-Open No. 7-122362; Japanese Patent Laid-Open No. 8-54836; 
Japanese Patent Laid-Open No. 8-330600). However, the cases of achieving full-color images 
have big problems. 

[0007] Several types of full color systems have been proposed: 

1) system of patterned organic light-emitting elements in a planar arrangement according to each 
luminescent color (RGB) (Appl. Phys. Lett., vol. 69, p. 3117 (1996)) 

2) system of using a microresonator structure (Jpn. J. Appl. Phys., vol. 34, p. L1234 (1995)) 

3) system of combining white light-emitting elements and color filters (Japanese Patent Laid-Open 
No. 7-142169) 

4) system of combining blue light-emitting elements and fluorescent conversion layers (Japanese 
Patent Laid-Open No. 3-152897) 
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5) system of stacking RGB light-emitting layers (French Patent No. 2,728,082) 
[0008] The system 1) has difficulty in application to organic layers in terms of the process, and the 
system 2) has the problems of an expensive half mirror required and variations in wavelength due to 
view angles, In the system 3), the stack structure requires insulation in a vertical direction among 
wirings for each light-emitting layer for RGB, which results in quite complicated wiring. Both of 
the systems 3) and 4) are currently able to be employed for foil-color panels since allover organic 
layers can be formed in the systems 3) and 4). 

[0009] For full-color panels, since the number of pixels on the level of the specification of QVGA 
(320 x 240 dots) or more is supposed, active matrix driving is used basically. A method is 
required for combining the systems 3) and 4) described above with active matrix circuits. In a 
method (Japanese Patent Laid-Open No. 6-325869) heretofore disclosed, an organic 
electroluminescent cell for each pixel is formed with an element (TFT) for an active matrix driving 
circuit on the same substrate, and a luminescence conversion layer (a color filter layer or a 
fluorescent conversion layer) is formed on the outside of or the element side of the substrate. FIG. 
1 is a cross-section view schematically illustrating a structure example of a conventional typical 
organic electroluminescent device, where reference numerals 1, 2 to 6, 7, 8, 9, 10, and 11 denote a 
transparent substrate, a TFT, an electroluminescence conversion layer, an anode, an organic 
light-emitting layer, a cathode, and a back support, respectively, 

[0010] However, considering the manufacturing process of the TFT, the step of manufacturing a 
fluorescence conversion layer follows the TFT formation. In order to prevent the already formed 
TFT from being damaged by a developer, such as an alkali, used for patterning of the luminescence 
conversion layer, a protective film for withstanding the wet process has to be formed over the TFT 
portion. In addition, considering the yield for panels, the yield of the entire panel is obtained by 
multiplying the TFT yield by the luminescence conversion layer yield, and will be thus expected to 
be lower correspondingly. 
[0011] 

[Means for Solving the Problem] The above-described yield problem with the manufacturing 
process is a problem that has to be overcome to achieve full-color panels. In view of the actual 
situation described above, it is an object of the inventor and others to provide an organic 
electroluminescent device that is able to be driven by active matrix driving and capable of full-color 
display without decreasing the manufacturing yield of the entire panel. More specifically, the 
present invention consists in an organic electroluminescent device in which an organic 
electroluminescent cell comprising at least an organic light-emitting layer sandwiched between an 
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anode and a cathode is provided on an insulating substrate, and an active matrix circuit for driving 
the organic electroluminescent cell is provided on the substrate, characterized in that a transparent 
support is provided to be opposed to the substrate, and an electroluminescence conversion layer for 
converting luminescence from the organic electroluminescent cell is provided on the transparent 
support. 
[0012] 

[Embodiments of the Invention] Hereinafter, an organic electroluminescent device according to the 
present invention will be described with reference to the accompanying drawings. FIG. 2 is a 
cross-section view schematically illustrating a structure example of a typical organic 
electroluminescent device used for the present invention, where reference numerals 21, 2 to 6, 22, 9, 
23, and 24 denote a substrate, a TFT, a lower electrode, an organic light-emitting layer, an upper 
electrode, and a transparent support, respectively. The substrate 21 serves as a support for the 
organic electroluminescent cell and the TFT portion, and is preferably resistant to heat of 200°C or 
more in view of the manufacturing process for the TFT (deposition of amorphous silicon, a 
polycrystalline silicon, CdSe, and the like), for which a quartz or glass plate, a silicon wafer, or the 
like is used. In particular, the use of a silicon wafer has the advantage of being able to form 
polycrystalline silicon TFTs in advance with high a high definition. It is also possible to use an 
active matrix circuit other than TFTs for the present invention, and for example, active driving by 
metal/insulator/metal (MIM) elements is also possible* Amorphous silicon needs low process 
temperatures, and can be thus used with not only the substrates mentioned above but also resin 
substrates. However, since the case of resin substrate requires gas barrier properties, it is 
necessary to provide a gas barrier layer of a silicon oxide, a silicon nitride, or the like on at least one 
side of the substrate. 

[0013] FIG. 2 shows a TFT structure, which is called an inversely staggered structure, and the TFT 
structure is composed of a gate electrode 2, a gate insulating film 3, a semiconductor layer 4, an 
ohmic contact layer 5, and source and drain electrodes 6a and 6b. While FIG 2 shows only the 
last-stage TFT, at least two switching TFTs and one capacitor are required for active driving of the 
organic electroluminescent cell. A specific example of the circuit structure is shown in FIG 3. 
FIG 4 shows a schematic plan view of the active driving circuit in FIG 3. 

[0014] The organic electroluminescent cell forming each pixel and comprising an organic 
light-emitting layer 9 sandwiched between the lower electrode 22 and the upper electrode 23 is 
provided on the substrate 2L Since luminescence from the organic luminescent cell is extracted 
through the upper electrode, the upper electrode needs to have a transmittance of 60% or more in a 
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visible region (400 to 800 nm). In order to obtain luminescence form the organic light-emitting 
layer, holes and electrons injected from the respective electrodes needs to be recombined in the 
organic light-emitting layer to excite the constituent molecules of the organic light-emitting layer. 
In the present invention, the following two types of methods for injecting charges are considered: 

A. the lower electrode is made to serve as an anode, whereas the upper electrode is made to serve as 
a cathode 

B. the lower electrode is made to serve as a cathode, whereas the upper electrode is made to serve 
as an anode 

In each case of Method A and Method B, the upper electrode needs to be transparent in a visible 
region as described above. Hereinafter, the device structure in each method will be described in 
detail. 

[0015] <Method A> Since the lower electrode (anode) requires no transparency, a metal that meets 
a work function required for hole injection is typically used for the lower electrode. It is desirable 
that the work function have a value of 4.6 eV or more, and metals that meet this value include, for 
example, according to Handbook of Chemistry (edited by Chemical Society of Japan, 3 rd Edition, 
Basic Edition II, pp. 493-494, Maruzen, (1984)), metals such as gold, silver, copper, iridium, 
molybdenum, niobium, nickel, osmium, palladium, platinum, ruthenium, tantalum, and tungsten; 
alloys of the metals; metal oxides such as oxides of indium and/or tin (hereinafter, abbreviated as 
ITO); copper iodides; conductive polymers such as polypyrrole, polyaniline, 
poly(3-methylthiophene). In addition, in order to reduce the wiring resistance, it is also possible to 
stack the above-mentioned metal on other low-resistivity conductive material to reduce the 
resistance as a whole. The lower electrode typically has a film thickness of approximately 5 to 
1000 nm, preferably 10 to 500 nm. 

[0016] While a transparent electrode is necessary for as the upper electrode (cathode), a material 
that has a work function of 4.0 eV or less is desirable in order to inject electrons efficiently. 
However, a transparent oxide conductor such as an ITO or a ZnO has a work Sanction of 4.6 eV or 
more, which is difficult to use as a cathode. Thus, an effective method has been found where a 
material that has a work function of 4,0 eV or less is made thinner to such a degree that a sufficient 
transmittance is provided, and formed on the organic light-emitting layer, and the transparent 
conductive film is stacked thereon. As the above-mentioned material that has a low work function 
of 4.0 eV or less, likewise according to the Handbook of Chemistry, metals such as aluminum, 
barium, calcium, cerium, erbium, europium, gadolinium, hafnium, indium, lanthanum, magnesium, 
manganese, neodymium, scandium, samarium, yttrium, zinc, and zirconium; and alloy compositions 
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of these metals and the above-cited metals that have a work function of 4.6 eV or more are used. 
In addition, compound materials such as LaB 6 axe possible for this purpose. This low work 
function material layer has a film thickness of approximately 1 to 100 nm, preferably 0.5 to 50 nm 
to suit the transparency requirement. On this low work function material layer, the transparent 
conductive layer such as an ITO or a ZnO is stacked to have a film thickness of approximately 5 to 
1000 nm, preferably 10 to 500 nm. For each lower electrode, an active driving circuit that has 
switching and memory functions is formed on the substrate, and the upper electrode may be thus 
deposited all over the display area, 

[0017] Instead of the low work function material layer described above, an interface layer whose 
tunnel barrier effect facilitates electron injection from the anode to the light-emitting layer may be 
used. Materials used for this purpose include fluorides of alkali metals such as LiF and NaF, 
fluorides of alkali-earth metals such as MgF? and CaF2, oxides of alkali metals such as U2O, and 
oxides of alkali-earth metals such as MgO and BaO, it is preferable that the interface layer have a 
film thickness in the range of 0.2 to 10 nm since these materials are insulating materials, 
[0018] As a method for forming the lower electrode or the upper electrode, resistance-heating or 
electron-beam vacuum deposition, sputtering, ECR sputtering, ion beam sputtering, or the like is 
used. Next, the structure of the organic light-emitting layer 9 will be described. While it is 
possible to form a single layer of a luminescent material, a structure including at least a hole 
transporting layer and an electron transporting layer is desirable in order to increase the luminous 
efficiency, FIG 5 is a cross-section view schematically illustrating a structure example of a typical 
organic electroluminescent cell used for the present invention, where reference numerals 21, 22, 41, 
42, and 23 denote substrate, a lower electrode (anode), a hole transporting layer, an election 
transporting layer, and an upper electrode (cathode), respectively. 

[0019] The conditions required for the material of the hole transporting layer 41 is that the material 
has a high efficiency of hole injection from the lower electrode 22 and can be transport the injected 
holes efficiently. To that end, the material is required to have a small ionization potential, be 
highly transparent to visible light, even have a large hole mobility, further have great stability, and is 
not likely to produce impurities leading to traps in manufacturing and in use. Besides the 
above-mentioned general requirements, the device further requires heat resistance in consideration 
of applications for in-vehicle displays. Thus, it is desirable that the material have a value of 70°C 
or more as Tg> 

[0020] As such a hole transporting compound, aromatic amine compounds and the like are cited 
which are represented by, for example, an aromatic diamine compound coupled with a tertiary 
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aromatic amine unit such as l 5 l-bis(4-di-p-toIyiaminophenyl)cyclohexanc (Japanese Patent 
Laid-Open No. 59-194393); an aromatic amine that includes two or more tertiary amines and has 
two or more fused aromatic rings substituted for nitrogen atoms, which is represented by 
4 5 4 5 -bis[N-(l-naphthyl)-N-phenylamino]biphenyl (Japanese Patent Laid-Open No. 5-234681); an 
aromatic triamine that is a derivative of triphenylbenzene and has a starburst structure (U.S. Patent 
No. 4,923,774); an aromatic diamine such as N,N'-diphenyl-N ) N > -bis(3-methylphenyl)-biphenyl-4, 
4^diamine (U.S. Patent No. 4,764,625); 

a,a,ot , ,a'-tetramethyl-a > a'-bis(4-di-p-tolylaminophenyl)-p-xylene (Japanese Patent Laid-Open No. 

3- 269084); a triphenylamine derivative that is sterically asymmetrical as a whole (Japanese Patent 
Laid-Open No, 4-129271); a compound that has a plurality of aromatic diamine groups substituted 
for pyrenyl groups (Japanese Patent Laid-Open No. 4-175395); an aromatic diamine that has a 
tertiary aromatic amine unit coupled with an ethylene group (Japanese Patent Laid-Open No. 

4- 264189); an aromatic diamine that has a styryl structure (Japanese Patent Laid-Open No. 
4-290851); a tertiary amine unit coupled with a thiophene group (Japanese Patent Laid-Open No. 
4-304466); a starburst aromatic triamine (Japanese Patent Laid-Open No. 4-308688); a 
benzylphenyl compound (Japanese Patent Laid-Open No. 4-364153); a tertiary amine coupled with 
a florene group (Japanese Patent Laid-Open No. 5-25473); a triamine compound (Japanese Patent 
Laid-Open No. 5-239455); bisdipyridylaminobiphenyl (Japanese Patent Laid-Open No. 5-320634); 
a N, N, N ■ triphenylamine derivative (Japanese Patent Laid-Open No. 6-1972); an aromatic 
diamine that has a phenoxadine structure (Japanese Patent Laid-Open No. 7-138562); a 
diaminophenylphenanthridine derivative (Japanese Patent Laid-Open No. 7-252474); a hydrazone 
derivative (Japanese Patent Laid-Open No. 2-311591); a silazane derivative (U.S. Patent No. 
4,950,950); a silanamine derivative (Japanese Patent Laid-Open No. 6-49079); a phosphamine 
derivative (Japanese Patent Laid-Open 6-25659); and a quinacridone compound. These 
compounds may be used alone or in combination as a mixture, if necessary. 

[0021] In addition to the above-mentioned compounds, as the material for the hole transporting 
layer 41, polymer materials such as polyvinyl carbazoles and polysilanes (Appl. Phys. Lett., vol. 59, 
p. 2760, (1991)), polyphosphazenes (Japanese Patent Laid-Open No. 5-310949), polyamides 
(Japanese Patent Laid-Open No. 5-310949), polyvinyl triphenylamines (Japanese Patent Laid-Open 
No. 7-53953), a polymer that have a triphenylamine skeleton (Japanese Patent Laid-Open No. 
4-133065), a polymer that has a triphenylamine unit coupled with a methylene group (Synthetic 
Metals, vol. 55-57, p.4163, (1993)), and a polymetacrylate containing an aromatic amine (J. Polym, 
Sci., Polym. Chem. Ed., vol.21, p.969, (1983)) are cited. 
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[0022] The hole transporting layer 41 is formed in such a way that the above-mentioned hole 
transporting material is laminated on the lower electrode 22 by coating or vacuum deposition. In 
the case of coating, the hole transporting layer 41 is formed in such a way that one or more hole 
transporting materials, and if necessary, an additive such as a binder resin or an agent for improving 
coating properties which traps no holes are added and dissolved to prepare a solution for coating, 
and the solution is coated on the anode 22 by a method such as spin coating and dried. Binder 
resins include polycarbonates, polyallylates, and polyesters. When a large amount of binder resin 
is added, the hole mobility is decreased. Therefore, a small amount of binder rein is desirable, and 
preferably 50 weight 0 /© or less. 

[0023] In the case of vacuum deposition, the hole transporting material is put in a crucible placed in 
a vacuum chamber, the vacuum chamber is evacuated to approximately 10" 4 Pa with the use of an 
appropriate vacuum pump, the crucible is then heated to evaporate the hole transporting material, 
whereby forming the hole transporting layer 4 on the anode 2 on the substrate placed to be opposed 
to the crucible. In the case of forming the above-mentioned hole transporting layer 41, doping 
with metal complexes and/or metal salts with aromatic carboxylic acids (Japanese Patent Laid-Open 
No. 4-320484), benzophenone derivatives and thiobenzophenone derivatives (Japanese Patent 
Laid-Open No. 5-295361), or fullerenes (Japanese Patent Laid-Open No. 5-331458) as acceptors 
can be further carried out in concentrations of 10" 3 to 10 weight% to generate holes as free carriers 
and result in low voltage driving. 

[0024] The hole transporting layer 41 typically has a film thickness of 10 to 300 nm, preferably 30 
to 100 run. In order to form such a thin film in a uniform manner, vacuum deposition is often used 
typically. In order to improve the contact of the hole transporting layer 41 with the lower electrode 
22, an anode buffer layer 40 could be possibly provided as shown in FIG 6. The conditions 
required for the material used for the anode buffer layer is that the material provides favorable 
contact with the anode, is able to form a uniform thin film, is thermally stable, that is, has a high 
melting point of 300°C or more and a high glass transition temperature of 1 00°C or more. Further, 
the conditions include that the material has a low ionization potential, has easiness of hole injection 
from the anode, and has a large hole mobility. For this purpose, organic compounds such as 
porphyrin derivatives and phthalocyanine compounds (Japanese Patent Laid-Open No. 63-295695), 
starburst aromatic triamines (Japanese Patent Laid-Open No. 4-308688), hydrazone compounds 
(Japanese Patent Laid-Open No. 4-320483), alkoxy-substituted aromatic diamine derivatives 
(Japanese Patent Laid-Open No. 4-220995), p-(9-anthryl)-N,N-di-p-tolylaniline (Japanese Patent 
Laid-Open No. 3-111485), polythienylenevinylene and poly-p-phenylenevinylene (Japanese Patent 
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Laid-Open No. 4-145192); polyanilines (AppL Phys. Lett., vol.64, p.1245, (1994)); sputtered 
carbon films (Japanese Patent Laid-Open No. 8-31573); and metal oxides such as a vanadium oxide, 
a ruthenium oxide, and a molybdenum oxide (43th lecture meeting of Applied Physics Related 
Association, 27a-SY-9, (1996)) have heretofore been reported. 

[0025] The compounds that are often used as the above-described material of anode buffer layer 
include porphyrin compounds and phthalocyanine compounds. These compounds may have a 
central metal or may have no metal. Preferred specific examples of these compounds include the 
following compounds: 
porphine; 

5,10,15,20-tetraphenyl-21H,23H-porphine; 

5, 1 0, 1 5 ,20-tetraphenyl-2 1 H,23H-porphine cobalt(ll): 

5, 1 0, 1 5,20-tetraphenyl-2 1 H,23.H-porphine copper(II); 

5, 1 0, 1 5,20-tetrapheny 1-2 1 H,23H-porphine zinc(II); 

S^ClS^O-tetraphenyl^lH^SH-porphine vanadium(IV) oxide; 

5, 1 0,1 5,20-tetra(4-pyry dyl)-2 lH,23H-porphine; 

29H,3 1 H-phthalocyanine; 

copper(II) phthalocyanine; 

zinc(II) phthalocyanine; 

titanium phthalocyanineoxide; 

magnesium phthalocyanine; 

lead phthalocyanine; and 

copper (II) 4,4 , 3 4",4 , "-tetraaza-29H ? 31H-phthalocyanine. 

[0026] While it is also possible to form the anode buffer layer as a thin film in the same way as the 
hole transporting layer, sputtering, electron beam deposition, or plasma CVD is further used in the 
case of inorganic materials. The anode buffer layer 40 formed in this way typically has a film 
thickness of 3 to 100 nm, preferably 10 to 50 nm. 

[0027] The electron transporting layer 42 is provided on the hole transporting layer 41. The 
electron transporting layer is formed by using a compound that is able to transport electrons from 
the cathode toward the hole transporting layer efficiently between the electrodes with an electric 
field applied. The electron transporting compound to be used for the electron transporting layer 42 
is required to be a compound that has a high efficiency of electron injection from the upper 
electrode (cathode) 23 and is able to transport the injected electrons efficiently. To that end, the 
compound is required to have a large electron affinity, be highly transparent to visible light, even 
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have a large electron mobility, farther have great stability, and is not likely to produce impurities 
leading to traps in manufacturing and in use. 

[0028] The materials that meet these conditions include aromatic compounds such as 
tetraphenylbutadiene (Japanese Patent Laid-Open No. 57-51781), metal complexes such as an 
aluminum complex with 8-hydroxyquinoline (Japanese Patent Laid-Open No. 59-194393), a metal 
complex of 10-hydroxybenzo[h]quinoline (Japanese Patent Laid-Open No. 6-322362), a mixed 
ligand aluminum chelate complex (Japanese Patent Laid-Open No, 5-198377, Japanese Patent 
Laid-Open No, 5-198378, Japanese Patent Laid-Open No. 5-214332, Japanese Patent Laid-Open 
No. 6-172751), cyclopentadiene derivatives (Japanese Patent Laid-Open No. 2-289675), perinone 
derivatives (Japanese Patent Laid-Open No, 2-289676), oxadiazole derivatives (Japanese Patent 
Laid-Open No. 2-216791), bisstylylbenzene derivatives (Japanese Patent Laid-Open No. 1-245087, 
Japanese Patent Laid-Open No, 2-222484), perylene derivatives (Japanese Patent Laid-Open No. 
2-189890, Japanese Patent Laid-Open No. 3-791), cumarin compounds (Japanese Patent Laid-Open 
No. 2-191694, Japanese Patent Laid-Open No. 3-792), rare earth complexes (Japanese Patent 
Laid-Open No. 1-256584), distylylpyradine derivatives (Japanese Patent Laid-Open No. 2-252793), 
p-phenylene compounds (Japanese Patent Laid-Open No. 3-33183), thiadiazolopyridine derivatives 
(Japanese Patent Laid-Open No. 3-37292), pyrrolopyridine derivatives (Japanese Patent Laid-Open 
No. 3-37293), naphthylidine derivatives (Japanese Patent Laid-Open No. 3-203982), and silol 
derivatives (70th spring annual meeting of Japan Chemical Association, 2D1 02 and 2D! 03, 
(1996)). 

[0029] The electron transporting layer 42 typically has a film thickness 10 to 200 nm, preferably 30 
to 100 nm. While the electron transporting layer can be also formed in the same way as the hole 
transporting layer, vacuum deposition is typically used. For the purposes of improving the 
luminous efficiency of an element as well as changing the luminescent color thereof, for example, 
an aluminum complex with an 8-hydroxyquinoline as a host material is also doped with a 
fluorescent dye for laser, such as a coumarin (J. Appl. Phys,, vol. 65, p. 3610 (1989)). The 
advantages of this method include: 

1) the improvement in luminous resulting from the efficiency high-efficiency fluorescent dye; 

2) the variability in luminance efiiciency by the selection of the fluorescent dye; 

3) the availability of a fluorescent dye causing concentration quenching; and 

4) the availability of a fluorescent dye that has poor thin film properties. 

[0030] Also for the purpose of improving the lifetime of driving the element, it is effective to dope 
the above-mentioned electron transporting material as a host material with a fluorescent dye. The 
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emission property of the element, in particular, the driving stability can be significantly improved, 
for example, by using a metal complex, such as an aluminum complex with an 8-hydroxyquinoline, 
as a host material and doping the hose material with 0.1 to 10 weight% of a naphthacene derivative 
(Japanese Patent Application No. 4-335087) represented by rubrene, a quinacridone derivative 
(Japanese Patent Application No. 5-70773), or a fused polycyclic aromatic ring (Japanese Patent 
Application No. 5-198377) such as peryiene. 

[0031] As the host material, for example, the above-mentioned electron transporting compounds are 
cited when the electron transporting layer 42 plays the role of the host material, the 
above-mentioned aromatic amine compounds and hydrazone compounds while when the hole 
transporting layer 41 plays the role of the hose material. When the hole transporting layer and'or 
the electron transporting layer are doped with the above-mentioned dopant, each layer will be doped 
uniformly in the film thickness direction, but may have a concentration distribution in the film 
thickness direction. For example, only the vicinity of the interface between the electron 
transporting layer and the hole transporting layer may be doped, or in contrast, the vicinity of the 
interface between the electron transporting layer and the cathode may be doped, 
[0032] In the present invention, the following two types of methods are considered for achieving 
full-color light emission. One of the two is a method of making the element emit white light and 
decomposing the white light into three colors of blue, green, and red with the use of a color filter as 
the luminescence conversion layer. The other one is a method of making the element emit blue 
light, and with a fluorescent conversion layer as the luminescence conversion layer, extracting the 
blue light as it is while carrying out color conversion of the blue light into green light and red light, 
with the use of a green fluorescent material and a red fluorescent material, respectively, to obtain 
three colors of blue, green, and red. Accordingly, the organic light-emitting layer is required to 
have a layer structure that is capable of emitting white light or blue light. For this purpose, for 
example, the following layer structure can be employed to provide a light-emitting function to the 
electron transporting layer. 

[0033] In the case of white light emission, as shown in FIG. 7, for example, when the electron 
transporting layer 42 is divided into three regions 42a, 42b, and 42c which are, from the close to the 
hole transporting layer 41, a blue light-emitting layer 42a, a green light-emitting layer 42b, and a 
red light-emitting layer 42c, the combination of luminescence from each layer can provide white 
light emission. The balance of the white color can be easily achieved by controlling the film 
thicknesses of the respective light-emitting layers from blue to red. As the material used for the 
light-emitting layer for each color, the host material used for the electron transporting layer 
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described above can be used further in combination with a doping dye. 

[0034] In the case of blue light emission, the structures shown in FIGS. 5 and 6 can provide blue 
light emission by forming an electron transporting layer of a host material producing blue 
fluorescence among the already cited electron transporting layer materials, which is doped with a 
blue luminescent dye if necessary. For the way to further improve the luminous efficiency of the 
organic electroluminescent element, an electron injecting layer 43 can be further stacked on the 
electron transporting layer 42 (see FIG 8), The compound to be used for this electron injecting 
layer 43 is required to have the easiness of electron injection from the cathode and have a larger 
electron transporting capability. Such electron transporting materials include the aluminum 
complex with an 8-hydroxyquinoline, already cited as an electron transporting material, oxadiazole 
derivatives (Appl. Phys. Lett., vol 55, p. 1489 (1989), etc.) and systems of those derivatives 
dispersed in resins such as polymethylmethacrylate (PMMA) (Appl. Phys. Lett., vol. 61, p. 2793 
(1992)), phenanthroline derivatives (Japanese Patent Application No. 5-331459), 
2-t-butyl-9,10-N,N'-dicyanoanthraquinonediimine (Phys. Stat. Sol (a), vol. 142, p. 489 (1994)), an 
n-type hydrogenated amorphous silicon carbide, an n-type zinc sulfate, and an n-type zinc selenide. 
The electron injecting layer typically has a film thickness of 5 to 200 ran, preferably ] 0 to 1 00 nm. 
[0035] <Method B> Since the lower electTode (cathode) requires no transparency, a metal that 
meets a work function required for electron injection is typically used for the lower electrode. 
Although it is desirable that the work function have a value of 4.0 eV or less, metals that meet this 
value is easily oxidized, and it is often the case that electron injection becomes difficult when oxide 
films axe produced on the surfaces of the metals. In addition, it is believed that surface oxidation 
or corrosion is inevitable when patterning of the low work function metal is carried out by use of a 
wet process. Thus, it is desirable that only a surface part of the lower electrode be made to be the 
low work function material layer while the other large part is formed by using a low resistance 
metal, for example, copper or aluminum. This low work function material layer has a thickness of 
approximately 2 to 100 nm, preferably 5 to 50 nm. 

[0036] In this case, it is possible to form the low work function material layer, for example, by 
vacuum deposition. As described in FIG. 2, the source and drain electrodes of the TFT for active 
driving is coated with an insulating protective film 12 in order to prevent a short circuit failure with 
the upper electrode. This insulating protective film coves the TFT entirely except for a portion of 
the lower electrode. The combination of the TFT part and this insulating protective film results in 
approximately 3 [im in distance from the lower electrode to the top of the insulating protective film. 
The film thickness of the low work function material layer is quite thin as described above, and 
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breaking due to a step is easily caused at the wall edge in the case of vapor deposition. Therefore, 
only the part on the lower electrode is electrically connected. The part formed on the insulating 
protective film is electrically insulated, and will thus make no contribution to luminescence. 
[0037] As the above-described low work function material, the materials cited in Method A are used. 
In addition, instead of the above low work function layer, the interface layer described in Method A 
can be used. While a transparent electrode is necessary for as the upper electrode (anode), a 
material that has a work function of 4.6 eV or more is desirable in order to inject holes efficiently. 
For this purpose, a transparent oxide conductive material such as ITO or ZnO is used. Before 
forming the upper electrode of the transparent oxide conductor, a metal (gold, palladium, or the 
like) that has a larger work function may be deposited to form a semi-transparent film, whereby 
improve the clement characteristics* 

[0038] As a method for forming the upper electrode, a method that is capable of deposition with a 
high coverage at a low degree of vacuum, such as sputtering, is desirable since it is necessary to 
deposit the upper electrode on the above-mentioned side wall of the insulating protective film 
without causing breaking due to a step. The upper transparent conductive layer is stacked to have 
a film thickness of approximately 5 to 1000 nm, preferably 10 to 500 nm. In addition, the upper 
electrode may be deposited all over the display area. 

[0039] The structure of the organic light-emitting layer 9 has an inverse stacking sequence with 
respect to the layer structure described in Method A. In other words, the sequence of the substrate, 
the lower electrode, the electron transporting layer, the hole transporting layer, and the upper 
electrode is employed in the structure in FIG 5. The same applies to the structures in FIGS. 6 and 
7. Finally, the luminescence conversion layer 7 and the transparent support 24 with the layer 7 
formed will be described. The role of the transparent support is to support the luminescence 
conversion layer and extract luminescence from the organic electroluminescent cell, and in addition, 
have the function of shielding from the air for sealing of the device. For this purpose, while glass, 
quartz, or resin coated with an appropriate gas barrier layer is used, a glass plate is preferable in 
view of cost, heat resistance, and chemical resistance. 

[0040] As for the luminescence conversion layer, there are the two types of systems as described 
above. In the case of combining the luminescence conversion with a white light-emitting element, 
a color filter is formed as well as a black matrix on the transparent support. The forming method 
has no difference from the existing color filter techniques. In the case of a fluorescent conversion 
layer, a fluorescent dye dispersed in a resin medium is used instead of a pigment. It is also 
possible to provide a color filter function as well as the fluorescence conversion. 
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[0041] The insulating substrate for supporting the organic electroluminescent device and the 
transparent support with the luminescence conversion layer, which are manufactured as described 
above, are shielded from the air for sealing by use of an appropriate spacer and a thermosetting or 
photo-setting resin or the like. In this regard, it is preferable that a spacer of 1 to 20 \xm in size be 
used to define the distance between the insulating substrate and the transparent support. The 
distance less than 1 ]i has the possibility of damaging the device in handling, while the distance of 
20 \x or more causes, due to view angles, horizontal displacement between the light-emitting part 
formed by the organic electroluminescent device and the luminescence conversion layer on the 
transparent support. 
[0042] 

[Examples] Next, the present invention will be described more specifically with reference to 
examples. However, the present invention is not to be considered limited to the following 
description of the examples unless the scope of the present invention is not exceeded. Examples 
of manufacturing an organic electroluminescent device are shown below. 
[0043] Example 1 (Method A) 

In accordance with Method A, a device was manufactured according to the process described below. 
As for the design of TFT elements, in the circuit diagram shown in FIG. 3, the gate length and gate 
width of a first TFT were made to be 20 microns and 100 microns, respectively, and the gate length 
and gate width of a second TFT were made to be 20 microns and 600 microns, respectively. The 
pixel area and pixel spacing were made to be 600 microns * 600 microns and 800 microns x 800 
microns, respectively, with an aperture ratio of 56%. 

[0044] Each manufacturing step will be described below in accordance with FIG 8. 
(a) The Step of Forming Lower Electrode and Gate Electrode 

On a non-alkali glass (Corning 7059) substrate, Al was vapor-deposited by resistance heating to 
have a film thickness of 200 nm, Au was further deposited on the Al film to have a film thickness of 
20 nm. Then, patterning of the Al and Au films for the lower electrode (anode) 22 and the gate 
electrode was carried out by use of common photolithography and wet etching techniques. The 
measurement of the work function of this lower electrode (anode) by use of a surface analyzer 
(AC-1) from Riken Keiki Co., Ltd. showed 4.8 eV. 

[0045] (b) The Step of Forming Gate Insulating Film, Semiconductor Layer, and Ohmic Contact 
Layer 

The substrate manufactured in accordance with the step (a) was set in a plasma CVD system, and 
the respective layer 3 b, 4b, and 5b were continuously formed under the conditions shown in Table 1 



17/24 



19. Nov, 2007 12:53 SEL 



NO, 1 473 P, 95 



English Translation of JP H10-289784 

below, 
[0046] 
[Table 1] 

[0047] (c) The Step of a-Si Patterning 

The substrate was taken out from the above-mentioned plasma CVD system, and patterning of the 
a-Si was carried out by use of a common photolithography technique and plasma etching with SF 6 
gas. 

(d) The Step of Forming Source and Drain Electrode 

Drain and source electrodes of a sequentially stacked Cr layer 50 nm and Al layer 100 nm were 
formed by use of a common photolithography technique and electron beam deposition, 
[0048] (e) The Step of Etching Off n + a~Si Layer 

With the source and drain electrodes as a mask, the a-Si layer etched by use of a common 
photolithography technique and plasma etching with SF 6 gas to form a channel. The evaluation 
for the a-Si TFT characteristics of the organic electroluminescent panel manufactured in accordance 
with the above-described steps (a) to (e) showed a mobility (jiFE) of 0,5 cmVV' sec and a threshold 
voltage of 3 V, 

[0049] (f) The Step of Forming Insulating Film for Protecting Active Matrix Circuit 
An alkali-developable transparent heat-resistant resist material (V-259PA from Nippon Steel 
Chemical Co., Ltd.) was used to form an insulating layer L3 [tm in form thickness by use of a 
common photolithography technique. 

(g) The Step of Forming Organic Electroluminescent Layer (White Light Emitting Cell) 

The driving circuit substrate up to the step (f) was subjected to ultrasonic cleaning with isopropyl 

alcohol, water washing with pure water, drying with dried nitrogen, and UV/ozone cleaning, then, a 

mask for limiting a portion subjected to deposition was closely attached to the substrate, the 

substrate with the mask was placed in a vapor deposition system, and the system was evacuated by 

use of an oil diffusion pump until the degree of vacuum was 2 * 10" 6 Torr or less. 

[0050] Then, an organic electroluminescent element portion that has the structure shown in FIG 7 

and has the function of emitting white light was manufactured. Copper phthalocyanine (HI) 

(p-crystal) shown below, put in a molybdenum boat placed in the above-mentioned vacuum system, 

was heated to carry out deposition. The deposition was carried out at a degree of vacuum of 2 * 

10' 6 Torr (about 2.7 * 10" 4 Pa) and a deposition rate of 0.3 nm/second to obtain the anode buffer 

layer 40 with a film thickness of 20 nm. 

[0051] 
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[Chemical Formula 1] 

[0052] Next, 4 ? 4'-bi$pvf-(l-naphtyl)-N-phenylamino]biphenyl (H2) shown below, put in a ceramic 

crucible placed in the system, 

[0053] 

[Chemical Formula 2] 

[0054] was heated by a tantalum wire heater around the crucible to carry out deposition. The 
temperature of the crucible at this point was controlled in the range of 250 to 260 P C. At a degree 
of vacuum of 1.7 x 10" 6 Torr (about 2.3 * 10" 4 Pa) and a deposition rate of 0.3 to 0.5 nm/sec during 
the deposition, the hole transporting layer 41 with a film thickness of 60 nm was obtained. As the 
material of the electron transporting layer 42a ? which has the function of emitting blue light, an zinc 
complex with (El) an oxadiazole, represented by the following the structure formula was deposited 
while the temperature of the crucible was controlled in the range of 200 to 21 0 °C. 
[0055] 

[Chemical Formula 3] 

[0056] At a degree of vacuum of 1.5 * \Q' 6 Torr (about 2.0 * \Q A Pa) and a deposition rate of 0.2 to 
0.3 nm/sec during the deposition, the blue light-emitting layer was deposited to have a film 
thickness of 30 nm. Next, as the material forming the green light-emitting layer 42b, an aluminum 
complex (E2) with an 8-hydroxyquinoline was deposited in the same way. At this point, the 
temperature of the crucible was controlled in the range of 270 to 300 °C. At a degree of vacuum 
of 1.5 * 10" 6 Torr (about 2.0 * lO^ 4 Pa) and a deposition rate of 0.1 to 0.2 nm/sec during the 
deposition, the green light-emitting layer 42b with a film thickness of 15 nm was stacked on the 
blue light-emitting layer 42a. 

[0057] As a final layer for the light^emitting layer, or the red light-emitting layer 42c, an aluminum 
complex (E2) with an 8-hydroxyquinoline and 

4-(dicyanomethylene)-2-methyl-6-(p-dim^ (DCM) (Dl), represented by 

the following the structure formula, were use a host material and a doping dye, respectively. 
[0058] 

[Chemical Formula 4] 

[0059] At this point, the temperatures of the crucibles of the aluminum complex with the 
8-hydroxyquinoline and DCM were controlled in the range of 270 to 300 °C and the range of 100 to 
11 0 °C. At a degree of vacuum of 1 .3 x 1 0* 6 Torr (about 1 .7 x 1 0* 4 Pa) and a deposition rate of 0. 1 
nm/sec during the deposition, the red light- emitting layer 42c with a film thickness of 15 nm was 
stacked on the green light-emitting layer 42c. The amount of DCM contained in the aluminum 
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complex with the 8-hydroxyquinoline was 2 weight%. The temperature of the substrate was kept 
at room temperature during when the anode buffer layer 40, the hole transporting layer 41, and the 
respective electron transporting layer 42a to 42c were vapor-deposited. 
[0060] (h) The Step of Forming Upper Electrode 

Now, the mask of the device up to the deposition of the electron transporting layer 42 was replaced 
by a shadow mask for defining a portion to be subjected to deposition of the upper electrode and an 
electrode extracting portion, the shadow mask was then closely attached to the device and placed in 
another vacuum deposition system, the system was evacuated in the same way as in the case of the 
organic layers until the degree of vacuum was 2 x 10" 6 Torr (about 2.7 * 10" 4 Pa), Subsequently, as 
the cathode 4, an alloy electrode of magnesium and silver was deposited by simultaneous dual 
deposition to have a film thickness of 20 nnx The deposition was carried out with the use of a 
molybdenum boat at a degree of vacuum of 5 * 10" 6 Torr (about 6.7 * 10* 4 Pa) for a deposition 
period of 3 minutes and 20 seconds. In addition, the atomic ratio of magnesium to silver was 10 : 
1.4. The magnesium alloy of this composition had a work function of 3.6 eV. Then, the device 
was moved to a sputtering system, an ITO film 150 nm in film thickness was stacked on the 
magnesium-silver alloy film to complete the upper electrode 23. The sputtering was carried out by 
normal RF magnetron sputtering without heating the device. The conditions for sputtering of the 
ITO were a mixed gas of argon and oxygen (oxygen concentration: 0.1%), a pressure of 3 x 10" 
Torr (about 0.4 Pa), and a power density of 0.1 W/cm 2 , and the distance between the target and the 
substrate was made to be 1 0 cm for preventing plasma damage. The ITO film obtained in this way 
had a work function of 4.7 eV. 
[0061] (i) The Step of Forming Protective Film 

On the device up to the formation of the upper electrode, a transparent SiO?_ protective film 1000 
nm in film thickness was further formed with the use of a target of SiO^ in the same sputtering 
system. 

(j) The Sealing Step 

The device up to the step (i) was taken out in a box filled with dried nitrogen, a glass substrate that 
has patterned color filters (blue, green, and red) as luminescence conversion layers to correspond to 
the electrode pattern of the organic electroluminescent cell was aligned with the substrate that has 
the TFT and the organic light-emitting cell with a photo-setting resin coated on a peripheral portion 
of the substrate, and UV light exposure was then carried out to complete a curing treatment. At 
this point, the distance between the organic light-emitting cell and the color filter substrate was set 
at 5 fxm by dispersing silica beads 5 jam in diameter in the photo-setting resin. Hie color filters 
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were formed with the use of color resists in accordance with a commonly known method, and a 
transparent smoothing layer is provided thereon so that the total thickness was 3 ^m. 
[0062] When the organic electroluminescent device completed in accordance with the steps 
described above was driven, red, green, and blue light emissions obtained by conversion with the 
use of each color filter layer were able to be confirmed. In addition, full-color images were able to 
be achieved by gray-scale control of the luminance of each sub-pixel for blue, green, and red. 
Example 2 (Method B) 

In accordance with Method B, a device was manufactured according to the process described below. 
The design of TFT elements is the same as that in Example I. Each manufacturing step will be 
described below in accordance with FIG 8. 
(a 5 ) The Step of Fonning Lower Electrode and Gate Electrode 

On a non-alkali glass (Corning 7059) substrate, an Al film and further a Cr film were formed by 
sputtering to have film thicknesses of 200 nm and 50 nm, respectively, and patterning of the Al and 
Au films for the lower electrode (cathode) 22 and the gate electrode was carried out by use of 
common photolithography and wet etching techniques. 
[0063] The steps (b) to (f) are carried out in the same way as in Example 1 . 
(g 5 ) The Step of Forming Organic Electroluminescent Layer (Blue Light Emitting Cell) 
Subsequently, the low work function layer for the lower electrode (cathode) was formed by use of 
the following method. The driving circuit substrate up to the step (f) was subjected to ultrasonic 
cleaning with isopropyl alcohol, water washing with pure water, drying with dried nitrogen, and 
UV/ozone cleaning, then, a mask for defining a portion subjected to deposition and an electron 
extracting portion was closely attached to the substrate, the substrate with the mask was placed in a 
vapor deposition system, and the system was evacuated in the same way as in the case of the 
organic layers until the degree of vacuum was 2 * 10" 6 Torr (about 2.7 * 10" 4 Pa) or less. As the 
low work function layer for the lower electrode, an alloy electrode of magnesium and silver was 
deposited by simultaneous dual deposition to have a film thickness of 50 nm. This magnesium 
alloy had a work function of 3.6 eV. 

[0064] Then, an organic electroluminescent element portion that has the structure shown in FIG. 8 
and has the function of emitting white light was manufactured. In the same way as in the 
manufacturing step in Example 1, the anode buffer layer 40 composed of copper phthalocyanine 
(HI), 20 nm in film thickness, and the hole transporting layer 41 composed of 
4,4 , -bis[N-(l-naphtyl>N-phenylamino]biphenyl (H2), 60 nm in film thickness, were formed. 
Next, an aluminum dinuclear complex (El) with an 8-hydroxyquinoline, represented by the 
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following structure formula, as a host material for the electron transporting layer 42 that has the 

function of emitting blue light 

[0065] 

[Chemical Formula 5] 

[0066] and perylene (D2) as a doping dye, represented by the following structure formula, 
[0067] 

[Chemical Formula 6] 

[0068] were dual deposited each with the use of separate crucibles. At this point, the temperatures 
of the crucibles of the aluminum dinuclear complex and the perylene were controlled in the range of 
300 to 320 °C and the range of 110 to 120 °C, respectively. At a degree of vacuum of 1.8 * 10'* 
Torr (about 2.4 * 10"* Pa) and a deposition rate of 0.2 to 0.3 nm/sec during the deposition, the blue 
light-emitting layer with a film thickness of 45 nm was stacked on the hole transporting layer 41 , 
[0069] Finally, an aluminum complex (E2) with an 8-hydroxyquinoline was used as an electron 
injecting layer. At this point, the temperature of the crucible of the aluminum complex with the 
8-hydroxyquinoline was controlled in the range of 270 to 280 °C At a degree of vacuum of 1.3 * 
10~ 6 Torr (about 1.7 * 10" 4 Pa) and a deposition rate of 0.2 to 0.3 nm/sec during the deposition, the 
electron injecting layer with a film thickness of 30 nm was stacked on the electron transporting 
layer, The temperature of the substrate was kept at room temperature during when the anode 
buffer layer 40, the hole transporting layer 41, the electron transporting layer 42, and the electron 
injecting layer 43 were vapor-deposited. 
[0070] (h') The Step of Forming Upper Electrode 

Subsequently, as the upper electrode (anode), an ITO film was formed to have a film thickness of 
150 nm. The sputtering was carried out by normal RF magnetron sputtering without heating the 
device. The conditions for sputtering of the ITO were a mixed gas of argon and oxygen (oxygen 
concentration: 0.1%), a pressure of 3 * 10" 3 Torr (about 0.4 Pa), and a power density of 0.1 W/cm 2 , 
and the distance between the target and the substrate was made to be 10 cm for preventing plasma 
damage. The ITO film obtained in this way had a work function of 4.7 eV. 
[0071] Subsequently, after the step (i) of forming the protective film in the same way as in Method 
A, the sealing step (j) was carried out in the same way as in Example A except that a fluorescent 
conversion layer was used as the luminescence conversion layer, whereby completing all of the 
steps. No fluorescent conversion layer was necessary for blue light emission since the blue 
luminescence was used as it was, 3 weight% of coumarin 6 dispersed in PMMA was used for a 
green fluorescent conversion layer, and 1 weight% of coumarin 6 and 2 weight% of phenoxazone 



22/24 



NO. 1478 P. 100 



English Translation of JP HI 0-289784 

660 dispersed in PMMA were used for a red fluorescent conversion layer. Then, a transparent 
smoothing layer was stacked to form the luminescence conversion layer with a total film thickness 
of 3 nm. 

[0072] When the organic electroluminescent device completed in accordance with the steps 
described above was driven, clear red, green, and blue light emissions obtained by conversion with 
the use of each fluorescent conversion layer were able to be confirmed. 
[0073] 

[Advantage of the Invention] 

According to the present invention, by providing opposed substrates: an insulating substrate with an 
active matrix circuit and an organic electroluminescent cell formed; and a transparent supporting 
substrate with a luminescence conversion layer provided, an organic electroluminescent device that 
has a great display capability can be provided, and a panel that is advantageous in terms of cost can 
be manufactured at a high yield. Accordingly, the organic electroluminescent panel according to 
the present invention is considered to be applied to the field of flat panel displays (for example, 
displays for OA, FA, and LA computers and wall-hanging televisions), and display panels of 
measurement instruments, and provides great technical value. 
[Brief Description of the Drawings] 

[FIG 1] a schematic cross-section view illustrating an example of an organic electroluminescent 
device according to the present invention 

[FIG 2] a schematic cross-section view illustrating an example of an organic electroluminescent 
device used for the present invention 

[FIG. 3] an example of a circuit for driving an organic electroluminescent device according to the 
present invention 

[FIG 4] a plan view of a TFT driving circuit for an organic electroluminescent device according to 
the present invention 

[FIG 5] a schematic cross-section view illustrating an example of an organic electroluminescent 
cell 

[FIG 6] a schematic cross-section view illustrating another example of an organic 
electroluminescent cell 

[FIG 7] a schematic cross-section view illustrating another example of an organic 
electroluminescent cell 

[FIG 8] a schematic cross-section view illustrating another example of an organic 
electroluminescent cell 
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[FIG 9] an example of a manufacturing process for an organic electroluminescent panel according 
to the present invention 

[FIG 10] the example of the manufacturing process for an organic electroluminescent panel 

according to the present invention 

[Explanation of the Reference Numerals and Signs] 
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transparent substrate 
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gate electrode of TFT 
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gate insulating film 
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semiconductor layer 
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ohmic contact layer 


6a, 6b 


source electrode drain electrode 
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luminescence conversion layer 
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anode 
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organic light-emitting layer 


10 


cathode 


11 


back plate 


21 


insulating substrate 


22 


lower electrode (anode or cathode) 


23 


upper electrode (cathode or anode) 


24 


transparent support 


31,32 


TFT1, TFT2 


33 


capacitor for storage 


34 


scan line 


35 


data line 


36 


common line 


37 


pixel lower electrode 


38 


gate insulating film/semiconductor layer 


40 


anode buffer layer 


41 


hole transporting layer 


42, 42a to 42c electron transporting layer 


43 


electron injecting layer 
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